Many birds fly at night, or in conditions in which a horizon reference is obscured or missing (Berthold 1993) . Nonmigratory species such as European Starlings (Sturnus vulgaris) will fly near their roosts in large flocks long after the sun has set (Eastwood 1967) . Nocturnal migration and flocking after dusk occur under a variety of meteorological conditions, including fog and heavy cloud cover (Evans 1972 , Elkins 1983 ). These behaviors suggest that for some bird species, visual references are not always necessary to maintain straight and level flight.
Radar studies (Griffin 1972) suggest that some birds can maintain straight and level flight under completely overcast conditions, but birds flying within clouds may produce erratic tracks, suggesting disorientation in the absence of visual cues. Able (1982) used a tracking radar to examine the behavior of nocturnal migrants under overcast conditions and concluded that overcast skies did not result in changes in flight behavior. However, he acknowledged that some degree of disorientation occurred when birds seemed to be flying within or between cloud layers. Williams and Teal (1973) E-mail: rmoyle@unixl.sncc.lsu.edu ring Gulls seemed to be little affected by the blindfolds, and 10 gulls exhibited normal flight. However, 2 of the 13 gulls used in the experiment would not fly and had difficulty standing upright.
Two types of orientation might be affected if visual cues are removed from a flying bird. The first is primary orientation, which concerns the positioning of the organism in three-dimensional space with reference to a constant direction, such as the gravitational pull of the earth. Superimposed upon this primary orientation is secondary orientation, which relates to the organism's ability to maintain a directional heading across the earth (Fraenkel and Gunn 1940) . A bird deprived of visual cues might find it difficult to maintain a compass heading or heading toward the roost, but it might also experience a breakdown of primary orientation and be unable to maintain straight and level flight.
Primary or positional orientation has been studied relatively little, especially with respect to flying organisms, although several authors have speculated on possible mechanisms (Delius and Vollrath 1973 , Jander 1975 , Schone 1984 . Slanted banks of clouds can cause a human pilot to unknowingly fly in a bank (Bending 1959, Gillingham and Wolfe 1986) . If no visual horizon reference is available and the pilot is flying without instrumentation, the ability to keep the plane straight and level will be lost almost immediately, and a total loss of control and downward spiral or spin to the ground usually are the result (Spector 1967) . in the laboratory. We tested birds under four light regimes: (1) "light," (2) "dim," (3) "dark," and (4) "/reference."
Light levels under the "light" regime were 1,400 lux and remained constant throughout the trial.
These trials should indicate the flight ability and behavior in the wind tunnel with no adverse lighting conditions. In the "dim" regime, the flood lamp was gradually dimmed from 1,400 lux at 10 s to 1.2 lux by 15 s. This provided diffuse and very dim light in the laboratory. When illuminated in this manner, the front and back ends of the flight chamber could be distinguished by a human observer to be darker than the walls. In the laboratory, shapes could be distinguished but no details. These trials were performed to determine if any change in flight ability, willingness, or behavior was caused by a gradual change in light level rather than the resultant light level alone.
In the "dark" regime, the flood lamp was gradually extinguished between 10 and 15 s of each trial. To block any extraneous light, black electrical tape and tar paper were used to cover all light sources in the room. Under these circumstances, less than 0.085 lux Flapping and gliding were replaced with constant, rapid flapping.
With respect to flight duration, our data suggest that although European Starlings have some ability to maintain straight and level flight in the absence of visual cues, they appear to be more reluctant to fly under conditions of low visibility than when visual cues are available (Table 1) . Ten of the 12 birds were still flying after one minute in the "light" condition, whereas all birds landed before one minute in the "dark" condition. However, in the "dark" condition, birds did fly after the lighting change was made, and most landings were either controlled or caused by drifting into a wall of the wind tunnel (Table 1 ). The light changes were only completed at 15 s, so the mean flight time in the dark was only slightly more than 7 s. The longest flight in the "dark" was 36 s (21 s in complete darkness).
The increase in controlled landings suggests that starlings were unwilling to fly in the dark. The true extent of flight without visual cues was not seen because the birds that continued to fly in the "dark" conditions either landed under control or were limited by the confines of the flight tunnel and drifted into walls that they could no longer see. The change in light levels also seemed to influence the birds' willingness to fly. In the "dim" trials, two birds landed within two seconds of the light change. Twothirds of the "dim" trials resulted in the bird flying for the duration of the trial, and one of the birds that landed just after the light change later resumed flight. This suggests that low light level per se did not interfere with flight ability, but that the changing of the light level may have been a factor.
The biggest change in flight behavior between the "dark" and "reference" trials was the number of reflights. Although no reflights occurred in total darkness, five occurred when a horizon line was present.
The increased number of takeoffs resulted in an increased number of total landings, but all of the extra landings were controlled (i.e. not drifts or crashes).
These data do not indicate that there is a minimum amount of time without visual cues necessary to cause a loss of primary orientation in European Starlings. The one crash that took place in the "dark" condition occurred after 5 s in the dark (20 s total time). However, another bird was able to fly for 21 s in the dark and then make a controlled landing.
The starlings in our study responded in two general ways to the loss of horizon references. The first was a reluctance to fly under these conditions. The second was an increase in the rate of flapping and a lowering of the feet during flight. Dropping the feet would lower the bird's center of gravity, providing greater stability. However, the change in aerodynamics and the increase in flapping rate would decrease The birds used in our study are not migratory. It is possible that nocturnal migrants are better able to maintain primary orientation than are nonmigrants.
However, if a nocturnal migrant responds to the loss of horizon references in a manner similar to that displayed by the starlings, the timing and path of migration could be affected.
